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(54) LEAD-FREE SOLDER AND PACKAGING METHOD USING THE SAME AND PACKAGED 
ARTICLES 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to execute lead-free soldering within the heat 
resistant temp, of a glass epoxy substrate by using lead-free solder specified in the contents of Zn, Bi 
and Sn. 

SOLUTION: The lead-free solder is composed, by mass %, of <4 to 5% Zn, 13 to 16% Bi and the balance 
Sn. The org. insulating substrate is printed with such Zn-Bi-Sn solder paste and the solder paste is 
melted at the heat resistant temp, of the org. insulating substrate or below, by which the org. insulating 
substrate and its mounting parts are connected. The glass epoxy substrate, etc., are used for the org. 
insulating substrate and electronic parts are packaged thereon. This lead-free solder is used for BGA 
packages or as balls, etc., for chip carriers. The lead-free solder ensures reflow at about <220° C. The 
reflow at >1 50° C is warranted. The reflow by assuring the sufficient wettability on Cu conductors with 
a weak flux or with the Sn solder plated terminal constitution of parts is made possible. This solder is 
substitutive for Sn-Pb eutectic solder. 
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(57) [HW] 

ism *'7^x/-n+«>stsicL s i, gpfia^^siiT 

n-Zn-Bi <J -liA/catf-eflfcfflOfefSS 

ago 

MSA] Zn:4~6mass%, B i : 1 3- 1 6raass%, 
7s higl3& bfcl> T:ft3fc<D P b-S n#flttA,£fc|5)*J 




(2) »BB s F9-8 5 4 8 4 



[H$JR1 ] Z n-B i -Sn^fcfcStt^ieiCfcUTx 
Z nft 4nass%W±5mass%*;li N B i ft 1 3mass%W 
±1 6mass%ttT* HO ft S n £ LTzZ £ ftftgteTS 

[B*E2] Z n-B i-S n^fc5Sa7U-0l*A,fc 

Z nft 4mass%JU±6mass%]UTx B i ft 1 3massXtt 
±1 6mass%UT« 3$9 ft S n £ LfcZ n-B i -S nfr 

6 6 « MX « * - X h ft ««Ufe|ft gffi ic mi t % Z £ 

^leii^^^-xhft^ie^^g^ojM^^ 
wT-cBfr u me* utettstt t *o>£tt8a t ft& 
«r * ztz&®itTz&7 u HiA,fiftjiiufc«fi* 

[Bt«iJi3] Zn-Bi-Snfr&ft*tt7U-0>MX£ 
ftfflUfcS«HS*ai3*5t>T> 
Z nft 4mass%W±6mass%lUTx B i ft 1 3mass%)^ 
±1 6mass%UT. »0 ft S n k U/cZ n-B i -S nfr 
b fc S ft ffl UT B9SE*»l6«K«a)il»»S*ttT 

sctft»atraiS7u-ttA,eftfflL\/cais*8* 
neffiiieitatEizjf nr a mwma t . 

S9IB*«i*eiiSffii:HniE}SKSPp D 0 i: ft 2 n ft 4mass%W 
±6raass%WTv B i ft 1 3mass%«±1 6mass%W 
Tv S0SSntU£2n-B i -S n frS ft* 
J:9««L&Ci:ft»ai:rS«a7'J-l*A,e««^«fc 

-B i - S n 37E&ICfcl*2>$S)£<Dfi§(mass)%8;jTft& 
«(Zn, Bis S rOTH^U A(6. 1 6 V SO * 
B(6, 1 3, 90 , C(5.5, 1 2, ») % D(4. 
5, 1 4, SO x E(3.7. 1 6. ») -CKa^-OSS 

[11*116] B3RJ*2fl£M*iJI5IC8i,»T\ lfflEffM 
«»a«A«*5Xi?K*S/a«T?ft*Ci:ft»ai:r« 

is 7 -mak. $7 'j -i*A,esffli»fca«si8»a 

JUKKA. 

9, Cu, Sb v I nOOrSftfrt U < l3;-?-(Djfi'a-tift 

9512*87 u -i^«©»nniiji: ufe 3 1 ft^at r sta 

7 y iS7 y -Hxgfcfflufcatssssaa* 

»J-l*A,/£ftBGA(Ball Grid Array)/ f-y>r->fflt, 
L < it* v 7* * U 7ffl0>*'- i: UTffl t\fc Z £ ft« 



UH*A,gft9*ivK>KICJ:O**ft0ttftU Tv? 
kWfilH**>y*5 0 0-1 0 0 0kgf/mm2 v mm 
ffitt 1 5 x 1 0"6/°C~3 5 x 1 0"6/°C(7)6tSiT:3Eifi 

Lfc^kft««kr*ia7'j-i*A,e, 
ftfflc^fc*«KSK»a»z/s8sao 

[000 1] 

LSI, «a*ftSltr ft&fclZ* SffiSS 2 2 0 o C"e 
©tt^tflttfpJtST?* frol 5 0°CT-(Z)«aTIIfclt 
S£&fi$It4 ftfcliET* S n - Z n - B i U - tt 

[000 2] 

iSJtli'J7D-Jp«:ffll^«^ 2 0°c-e6* o 
C*llCffifflr*««ffll^^CD*lJatkLT:i*. Sn-3 
7mass%Pb#ai*^£(IIMi: 1 8 3°CK El,<l«t 
aiS«S©t<Z)A«-»W-efeofco Z*i&©Kj«I*1 8 3 
0 CB5f^Tr^?)Ck/)^. iHffl**iTUS^XX/1?*2/ 

Sfia>HMiSft( 2 2 o-cmT-c+»&»«tr«^k 

^Tf*. SX1 5 0°C^-C^0)fi$IiiftfflIT5CkT 

[0003] aa, ^H-eirt^ajai^ttffldtiTt^ 
nsffi(WT> Pbtisr) ttHk8»(cs«;Lr(Btt 

SkAf*lc«K*ft»Hrck/)^«*tiBaHk*oT 
t^i>o Sn-Pb*(^eicft*>ftPb7y- 

So KIC 2 7C*l^eT?li Sn-3. 5 mass% A g (M& 
221X), Sn-5mass%Sb(i4^2 4 0 <> C) ttP 

[0 0 0 4] L^Ux itl&flDI^JEI*. Sn-Pb^ 

S«(D»asa( 2 2 0"C)ttT-C+»fcS«OTt«-C3 

[000 5] ftfeC0l^^^c«^4k Ur S n - 9mass% 
Zn(»jS1 9 9°C0ita B a) 

#**>»ts©ittta*r*ft 2 2 o'cr-ft^suisfty^ 

l>SDv>$07 : 7'y^^(^O.2mass%^^)ftfflL\ 
fckLTt. 2 2 0°C<DU7D->£jgTI*l5k^&ft 



(3) 



£^¥9-85484 



<I*N ilCtt-TSttfttttfSn-AgaL Sn-Sb* 

[0 0 0 6] ZtlfC<Dm&T'lt, \tA,1zttir£&im 
AstzO>m&\ZttLT 3 0-50 "C* 1^0>^«B«IC» b 

[0 0 0 7] Cti&fcftlC** S n-B i £!4A,£(ft 
^flflcS n- 5 8mass%B i ; 1 3 8°C) x Sn- 
I n*l4A,£(ft*fflritSn-5 2mass%I n ; 1 

cfcOl 5 0^©*SB**«ttT?t1\ Sn-3 7mass 

[0008] Sn-Ag*-CSn-2%Ag-7.5 
°/oBi-0.5%Cu (tttittaft : 2 1 1 °C, fflffl«a 
fi: 1 8 3-C)©4 5u*Pb7y-tt^»«t.«Hd 

Tilkmzf&ft □ > h □ - ;U48 U u 0 m^ff-ctt 1 
3 0-CU^;U©ffiig(OfflfflttA<aAMCtttt**l, jftfBffi 
3* : 2 1 1 °C£MICTIf 1 3 0°C0)fia©ffl« 

[0 0 0 9] S n-Z n*«ftTM4ffi30>ISffi 

«*»fc & t^T? 2 2 0 °C 'J 7 □ -^ftftfi^ttttttJl 

[0 0 10] C©PoMS:lHiar*tt^/f«»lCli, idc 
^tlTSn-Zn-In?, x Sn-Zn-Bi?J* 

«ft»07C*©«d-&-C&SS n-Z n-B i &(D3tc 

* w r a c ic u £ o z<o\tA,ti \t±mmm § u 

[001 1] BlttSn-Zn-Bi ©3 7E*liA,g0 
fi»©«!BBI CInternational Crit-ical Tables, 2(19 
27), 418) ^»G>«B6W^H^(»ffltSaS)0 

tisssMtsaafcHfflisaa^KDiHffJi^TffeSo £ 
«i4 27E#t»^-f >-c^So f6©ii«ttsa«<D*a7 

[001 2] Sn-Zn-Bi *I4A,£I30MTI4x M 
BBB5 7- 1 1 7 9 3-t&«k RBBB85 9- 1 8 9 0 9 

[0 0 13] »BBB5 7 - 1 1 7 9 3^«*Ctt, Z n 
#5-1 0mass%. B i A<8~1 3mass%, JSStfS n 
fr&fcSHftttlcffftfcffi»/SA 1 ffll4A,£tf«3R*ft 

ru«o cni»Ai«ttA,e-coaas±tB»i:Lfc 

t0)"C^0s C u«^6«e%7U > hfit£^£>J£*S£ 
ttftfcLTlt&lV, CCDZn(5~1 0mass%)&tfB i 
(8-13 mass%)©BBS:j*«)fc3ifti:LT, Zn0l 



£ ; 5nBSS%*3|-ei*A 1 i:OttA/€(tlta*=PS*ft 
fibs a£U<l4 7~9rnass%£^U"Cl>5 0 B 
i<D«£; 1 3mass%fej8x.*i:l^e©IS*A«3i<3S 

A 1 Ltzm£0)&A,1ztt\m&. ttttTfc»K 

fet^o ££x catt&fflttlUL 5££*UT>81il4A, 
eo>*S**tfclca»&*lTU*^ Sn-Zn-Bi 
3 5c*©S8KWCIi % 21t>r^LMEK**irfe<& 

[0 0 14] -£ x WBDHB 5 9—1 8 9 0 9 6#&$g 
14, Z n/)<5~ 1 5mass%, B i #3 ~ 2 0mass%, 8 

C<DZ n(5— 1 5mass%)#tfB i ( 3 - 2 0mass%)tf) 
$6ffl£;*#>$3IS<h LT, ZnlDW; 5mass%*?lTr 

»aSt»±#U 1 5mass%«jB£«*:tt<&*jft«& 
}$LTl>£ 0 ££Bitf)i§£; 2 0mass%£li;t § fc (4 

I4fc < , 37cXffi¥KttKia«:ffll^HMia)«IH»SA« 
[0 0 1 5] 

ix-C, S n - P bft B B B liA,e©fttffl|^eftffli\t N 

8I6*©*7^x?k*^«ricl s i , »a«c!)a^ffla 
zwim®T'm&t 2 2o°cwTr«j7D--e§ 

T1 5 0°CW±££IiEU AOpl\77«^7TfCuS 
; feL<l4gP n ° n C0Sn^^yc«)o§^^-C+ 

[0 0 16] 3©fctt. Hj«i(4Bt0ttaa^i>«c<^« 
1 5 0°CW±, M£ L < (4 1 6 0°CW±( 1 5 0°Ctf>i^ 

aT^ffliciw^bti^jT 5 ^^, Rffiitaft^ui 

9 ^^L<I41 9 0 i CttT(»< r^3i:l4 

(iA,e«itas/)<»<&o, fits. asaizwrsjHUB* 

n©ffi&S#JiHKff£*Sf&BA<&* 0 L^tZnU 
*i&t^i:lCtt*fflUiafl[^*S<T*«6&^©-C, (to 
*itO/^>XS«oTffljacftS*tf>Sefi>B^ft* 0 Sn 
-Z n 27L*(^fet\ri4, S nlCZ n^& 9mass%Ati>c 
tt»TM 9 9 0 Cc7)B4^(Z)S/Jv^lc^$*< N mJieu/ciiO 
C*l*Ctt*e»j«J[)<«< % 2 2O°C0'J7O-T:!4^tl 
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tfss^ao 

[0 0 17] ffcfc**, ittttx Pbft 

££fcl>tfA,£, o^OSn-Zn-Bi^b^m 

tf, 2 2 0°CWT"e , J7Q-T?$T 1 5 0"Ctt±ft«E 
U ^oSU77^^r CuS^L fcL<tfSii 0 a q 

L, l/7D-7?&*l*^£ft«#r3C±:l;:&3o 

[0 0 1 8] *«W0)»-©a«tt. Pb*d*ftuli 

So 

[0 0 19] *»W©tB=0)BWtts *77i^*yl 
tS»0*Wft»aHRICPb&S*36:Utt^4«urSI 

s u rcH^D ft mmt z z t \z & % . 

[00 2 0] 

[»a«:»;*rs^«>(D^a] ±Ei«ft«js-rsfc«> 

*ttf'J>fc<, MAtt, H^y-yi4lc«#iT. H£a 
J££Tlfe>*iT, tfo*«tta**:Bffl«8gS*:0a* 

ttftif ft T£ 5 Sn-Zn-Bi © 3tc*I* A,£ft"*- 
XtLfcS4SSj|tLrttBLfco CftSTrtfdH Id 

^**ts«fc5ic. Hj^( b tsag ) cam tf # tf a us 
r-fco, ^o3 7u«l*^ea>«»El(Z)»altt*a'eft 
£<> ZOtztb. frftdatBttaA, ftffifUU)J:1ttll: 
©Hffi, ttdtfcJMitt, «H£* *«W»tt*G>H«*ft 
fl/tetfll-rSsfcfitf&ao ^:-CSn-Zn-Bi 3tc 

[002 1 ] *LT, *nE«-<DB«ftaiaT*fcafr 
K, 2 n-B i -S nfrSfc3l4A,£lcfcl\T, 2nft4 
nass%Ja±5mass%*«x B i ft 1 3mass%W±1 6ma 
ss%WTs 89ftSn£L£ 0 fe L < tf ffl/4<DSg(mas 
s)%IUj*ftffittl(Z n, Bi> Sn)T:i7Fl N A(6, 
1 6, S) , B(6, 13,8), C(5.5, 12, 
8) , D(4.5, 14,8), E(3.7, 16,8)1? 
mZtiTOLZt&titOS n-2 n-B i £<Z> 3 tc 

[0 0 2 2] i»EJB-OBWfta«r*fc»IC, Zn- 
B i -S n^b&SIS7'J-(DI^€ftffli\fcatE||8 
2 nft4mass%iil±6mass%WT, Bi 
ftl 3massXtt±1 6mass%«T, 80*SntLfc2 
n-B i-Sntf£fc£tfA,£^-2. hftft&ttettSffil;: 

epwsc^t-, Maiaxe^-* hftffi£««gttas 
[0023] «rE«=©BWftafi£r*fc«>i3, 



E^JggSffi^MEJSIS^t ft 2 n ft 4nss%tt± 
6mass%WT, B i ft 1 3mass%J£Lt1 6nass%ttT, 
SOft S nt LTzZ n-B i -S n J: 0 

[00 2 4] WC, ftftttHftCli, l*A,£«ffl#K{t 
dtlsfct^Dt^TttOCA/e^-X hftttfflL, N2 

ttftitSLfco 
[00 2 5] 

inm] Z0)£o\ZZ ntf4~6mass%, B i tf 1 3- 
1 6mass%, 8S&tfS ntU L < l*tBJtta>M(ims 
s)%H^ftj£tI(2 n, Bi, Sn)Ti^l, A(6, 
1 6, 8) , B(6, 13,8), C(5. 5, 1 2, 
8) , 0(4. 5, 14,8), E(3. 7, 1 6, 8) Tf 
H**iTrit*«JSW>S n~2 n-B i fc©3 5c*«JS*: 
TZZtlZ**), #7*x#^>*tR»«flltt^fcL 
T, **BttS*ftTlfT, Xa?0)tttttt{BSi1£ft«ft 

u, ^oy7Q-tt(a««a«^Hi««sa«i:a)iM 
a*d>a:<r**)ic«*i&»tt*«»6*i« 0 tfo, c 

ug*5^<D<to*it£ft5IftL, Atf&ttMttttltftS&d 
[0 0 2 6] l^««J«t±El3l!ISLfc3I4ttaa)Ji 
[0 0 2 7] JMtlCtttttBlia«hHffitta«^(DiSft 

aftr-ssB0'i>ft<-rscfc^a*ut^ o fctffca 

HIS. 5*«*SR(D«IB/)<«ufcAlc, 

M»«a>/-fX^xa«*^K<ft*« z<Drz&>m&x 

PSft£Cfl<, tt#a>fiMttlcnfl/i<?«StitfA«. 
2 n 4 ■BSsXttTTtttttBftiU fc QtBtgagaaft 
^tf*£<, 2 2 0*CWT-CO»«/)<ffll|*C«*o 6ma 
ss%W±Tfc±EffiSHtf*S<&3o *fe, Sn-x 
Zn-1 5 B i(Znix = 2, 3,5,6, 7mass%) 
IC«fc*?lflKWcJ:3*:, ttK, 2 nfi#j6mass%0>£ 
$ tf S n - P b *BttA,£<Dtt 2 fiScD^IH^JK/^W 6 
*W Bf£gft?# a/cfl>ICtf Z ngtf 6mass%g£tf&l\ 
C:*:tf;btf3o Zn»tf£ug, tfA,^0!)S®K 

7 5 v * X ft m t © T? tf (to ti it ft &1 S T? § < fc ^5 
tf, 2na5massXftiS-Ctf*fc"«Sna>8 5%SKO 
»tl(l^e*-iKDtt*l!t*« O^JftitftTS^O)^ 
Stf^Oo B i tf 1 3mass%ttT-C»a[ffl»S«^1 9 
4-CW±-C*Sfetf>, 2 2 0°CT:(7)'J7D-}g^tfait 
^«c^o B i tf 1 6mass%tt±TttHffl*8g«tf 1 5 0 

5*gtf<£Tr$o ft^T, »aT©ffl«tt©Y-s;>it 

«tfffl«t&So -5 5-1 5 0*C0)ag^-f ^;U*D2 

i^ic^xbti^ictf, Hfflttaaturiifi<T i fe 1 

5 0*Ctt±, S^L<tf 1 6 0\!tl±tfMMS. 
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[0 0 2 8] Z<D£oft&!&0\*A,fz'Z&tHi. 

«tf*«<kfe1 50'CW±, M$U<I* 1 6 0°CfeLt 
(1 5O o C0^T:(7)($ffllCK^b^§)i:U. *<Z);$ffl 
MlSA^flft 1 9 5°CJ2TF\ AS L < It 1 9 0°CWT 

2 0'Cr<DBfijlSS£SSS!T*o C 
Oct 9 feStSSSffSBKr £ 5 c £ \Z± 9 mmtottiy 

/cHgp° n ^li«r § C £ £ S 0 
[00 2 9] 

[0030] SKDSn-Zn-Bi 3 7C*ttBH-Ctt 

7**--c&*?, &tta>$flS9#BffiLT<« 
tttBa3SfcBtBaaa®aA£fcas&sB?& 

KkatwwaarftDscicjioawswicBi^scticu 
fee aueu, 2°c/min<D#aa*-cffofe 0 »6ntD 

S C MlttlK^-^ <Z>ffi3{M®«B £ 

a«icfiiitrgiufc««i:a)Ss^(Da**H«tta«t 

atto>B«8S t: - 1 \z cfc o ats^ t Kt> o tt» * 
jftflaatufco 

[003 1 ] H2I*B1 nf*5ft©«HS:ffi*L, 

»ffi»afifcffl«ttasfc**ufc*(BT6*o :^ 

<J;*£:BfB&3AttB i tf«J>&littB-CM:S*BB{CA 
oTOStf, Bifttfl 3mass%«±l;:&**: 1 6 0°C 
ttT, 1 6mass%l$t±lC&*fc 1 5 0 a CUT£&£ C £ 

o fefc to , »ffitga& t stBaasroaftgi*;*; 
*i;*>T<fc*fc&, BffittaAiii 6 0 o cja±r&5 

fc9, B«ttaSt*ffl«afi<DS«:'J^<rSSn- 
Z n2^ B B B 70^Sn-9 Zn^t LT3te* 
Z n-5 6 B i (HA 1 3 O'OSTffil/T 

CD 2 Aft&ft S n - Z n 2 tc£H5 << >(ffl«)©]Ett& 

ttWfcfrSfiiu. t:t, c*i*»*fc»icB««a 

«ft<1 6 0-1 7 0°Ck££$i3££t;B i fi1 0-1 
4mass%, Q 1 ±x? S n - Z n 2 7u£H^ -f >^Sd*i 
ru*HB*t*t?Z n*4-6mass%T«**iS««lC 



^Ltzo Zti\Z<£Zt, B i fitf 1 0-1 4mass%, Z 
n 5 - 6nass%®SBrtlC»fB&3£ti)fll < fcSSPel 
ft^SSl/, :*i#Sn-Zn 2S#fl^-f >(B2*«) 

WTttftl^ktfbW. L^Uj&SkUri^, BfB 

taa« 1 sotttikftsmflt, 27H*n : 7>r> 

li, Z n/><5mass%LU±(D«ttl;: A oT i,ZotzfoZ n 
fili, 4-6mass%0)4 J "Cfc4. 5 -6mass%tfg£ L 

u 0 ;*ic*titaa«i* 1 9 5 o cwTT^sck^g^ 

OfBiMI 2mass%JU±i:f So fclCSB^fc 
iiQBtittafttf 1 5 0"CW±ft6 B i Sli 1 6mass% 
AT. -?-V>*%tLT 1 6 0 , Ctt±trSfc«)(Cli1 
3mass%WTtfgi:UUo 

[0 0 3 2] B3», B2(Dtt»B©eHl»Z/*4x*B 

CDTr&So **l**lB i *& 1 3mass%, 1 4mass%, 
1 6mass%-^ICUfe«^(D?»ffitaaSi:B«tta«i: 
TkZ n»a>B8ft-CfeSo B i 1 3mass 
% , 1 4 mass%CDB$ Z n 5 . 5 mass%#J&7: A T ^/J* 
T&3o Bil^1 6mass%(DB$, Z n 5mass%Mft"C 
AT^/JvTr$>So Cti6<D»S^6, Znli4-6ma 
ss°/o7!)<S$UUo Zngli£<Tfc, *ft<TtATtt 

B*©ft?^6«u«B«ocktt»a«©«|||tt©H 

B-ea*L<&Uo ;*(cznaic»rs*«aaftico 

l^T^fo ^^2 2 0°CC7)'J7D-ajga)$'J^^ 

-cftftBottffiaaAftTifsck^tttitt^ajft 
A^Siu^o eawic»*^6 3 o-5 o°c«uas 
•ey^D-r*©*, tttitt, J»#c!)ttttoaj«-ea* 

UtNt^tLTtNSo 8toT, 2 2 O'CO'J^D-aJt© 
Sd, ±RB(D*ffllSafil* 1 9 5°CT^So E34liB i 
1 4mass%-^k L£I$IC, Z nftlc«r5>Wi« 
a*-C*So Z ngli£<&oTt,, im<35:9t 
t*ffltta*l*±ff U, Z n«l*5roass%M«-C«'JMC 
fcSofiP^, Znli4-6mass%0!)BB-Ctt, *ffi«a 

atTw 6#i. ^omBaactiBffiaaaiioaaa 

[003 3] Znfittt*itt3b^*(Zn(DKfb 
IC»t*to*itt©W«)kfl!)H**B5ICSr 0 Znl 
li 6 mass%tt±T*Mlit 0 */i«-Sffllca^^r < S 
dfc^S, d64xttOHjS^e»ZnafcUTtt6niass%W 

[0034] sic, aaMaic^^Tttwufco bsb 

B i 1 5mass%— ^ k Lfz&flZ, ZnfilC^TS^I 

§go^a^^i-o 9iH9tw*ftaaar, o.osmn 

/m B na>3IH9**TlMiU& 0 ffjABEBtt 1 0mm 
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V&&<Z>m±Z*L. 6mss%U±'Ci*M>mz1B:TTZ> 
fcSfifc^U ZnMtf^fc<fcSh£g|*£TLT< 
io^ot, Z nStf 4-6irass%<DiSH{*&IE$e®*: 

[0 0 3 5] ii^(^g^Jt,Sffi^S)^ZnMh 

b i mo&^itr-fcz * 0 z ngic^un^n 

[Si] 



[0 0 3 6] l^/cf+lttt<7)®^^(7)P*ffl^rt^WTII 
TFfo ^iS2 2 0 o C(D«J7D-£gT:, 7'J>hgffitf> 

J$££;tT:(Sn-5Zn-xB i (x = 0, 10, 1 
5, 1 9, 22, 2 5, 3 0), Sn-yZn-1 9Bi 
(y = 0, 1, 3, 4, 5, 7)»£L, ^tt^'WCcfco 
T ft o £ o <£ m U fc 7 7 -V * * (* 0 . 2 mass% # 
Ao£a>>£"C&£o itotite^0^C0fiH^^1 II « 
-It, £3lteift&0>&9ia5, ®7IZ7fiLrzo Znl^ 

[003 7] 
[HI] 



*BJ3c (mass%) 


bHtSiifvm (%) 


Sn 


295 


Sn-52n 


240 


Siv9Zn 


180 


Sn-19Bi 


345 


Sn-1Zn-19Bi 


350 


Sn-3Zn-19Bi 


296 


Sn-4Zn-19BI 


269 


Sn-5Zn-19Bi 


264 


Sn-7Zn-19Bi 


260 


Sn-5Zn-10BI 


267 


Sn-5Zn-15Bi 


249 


Sn-5Zn-22BI 


252 


Sn-5Zn-25Bi 


248 


Sn-5Zi>30BI 


242 



[00 3 8] lentil, B i SK<fca&nttG>&» 

SH^St. CO^-trlJ, tt*ittl*B ifllCISfcA^tt 

HXCtf-JU*, ttSntt^tf-;U0>tt8 5%. Sn 
-9Z nttA,£#-JWDtt1 5 0%<D&ftfe/)<9$£5t 

ntf. ««ICf^S&tt*i/)<f#€»*iSCi:/)^^ofco - 



£SMim8fiffi«li*S&fi*:fc3fc«>, 
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[00 3 9] a«0HTWiSffr?fc&i;: f tm 

C0jl^^T(Sn-5Zn-xBi(x = O, 10, 
15, 17, 19, 25), Sn-yZn-1 5Bi(y 
= 2, 3, 5, 6)SS3l«H»«:tTfcU. H6IZipL 
£o **iK:<J;££, S n- 5 Z n-x B i (D5\$%&m 
It, x#1 0 — 2 Omass%0<b£(37c£), x^OmassX 
©fc*(2Jc*)fcJt«LTtt5 0%|p)±Uru§o Ctl 
l*B i *1&7L3 7i?kttZ>Z.t\Z± 0^(Sn)+Z 
nffl(( S n)liS n^-^a>IH}*gf*^||T)*OT h 'J * 
^XtW(SnWCB i tfB»UH«ttffl<fc*SC L 
fefcto^JBtottSo £tz, ZO)ttto\ztoxfmtiA'J>t 

ricaasufej»u(B i )tf£<fco^&jg£f£T£-t* 

St(Di:JB*)tiSo — Sn-yZn-1 5Bi©?l 
5S5£gl*. Z n*y = 5tfierS* CtittZ 
n««JDICtt«cl^, (S n) + Z nffl^<DBBlJB(»12k 
9f/mm2; B^J^^M^-* 7 * *P147)<Z)*£Z n 

ttttea^*<, «<3&«9(s n)^ h y vtzz&itt 
ztfi. x#*&<fc*i;:oft-ctH*i£Ji 

[00 4 0] 
[*2] 

1^2] 



*fl/£(mass%) 


§IKa*(kflt/mm^ 


Sn-2Zn-15Bi 


5.8 


Sn-3Zn-15Bi 


8.4 


Sn-5Zn-15Bi 


9.0 


Sn-6Zn-15Bi 


9.9 


Sn-7Zn-15Bi 


8.6 



[00 4 1 ] ±E02oo«*»*l;:J:'3TSn-(5 
-6)Zn-(10-20)Bi <Z>3ia&«li 9 kgf /orftt 

±tsn-p b*a»5Ea>tt2fga)aft*rc fcfffcfr 

[0 0 4 2] *^li^7^x^vSttiWftl:Ur: 

[0 0 4 3] C^v^-^SffiSIS^afflW) H8 
(a)ttS i f-*73fc»«LfcAl2Q3*0-bv5* 



StMKCufc:- h$/>*«5fcS n-5 Z n - 1 3 B 

fflTftSo H8(b)ttN i«)o$7«UrcCut- h 
v > £ ffi 5 t 0 . 2 m mif ICEJi LfcS n- 5 Z n - 1 
3Bil*A,£?I6£^U Wg*»£UTH8<c)l;:5< 

-r?«i^€ftitLfcCut-h>>^is*«ro t? 

#>o£, *CD±l33K>Au#>o£<DW-N i -Au8(D 

•bv$v^l6«atR4 t*KSOS n-5mass%Sbtt 
A,£9 (H£ : *tl240°C, @ffi2 3 2°C)Trg^f -53 
£\Z*K> , §£S n- 5mass%S bliA,££ig/)^ 
Sn-5Zn-1 3Bi l*A,^£=&ffi 2 2 0°C0)>£g 

M«s«ffnrftTfc*o sn-5Zn-i3Bi i*a,£ 

fteCDIi/u/cWi: bT, A u - 2 OmassXS'n (Rb& : 
2 8 0-C)t|i|«^igJtpg«««^orffir*fto 
tRtOTAl 2 03W^a»«1±i;StlSAl Ngfc^fc 

ITWt L < li M 0/^7^ Xf&±lZ N i ftog(tO 
<I*N i too§±IC»0. 2MmSS<OAuA6oS)3!)<fi6 
ffl^nSo t- hv>^lit UTIiC ut&KN i too 

s mfeif urcu axosHtb & ffi± ut&e r * 

©^HStt-CfeSo W, M o t L < l*f6O«^StR#0 

tl§orci6Cu(D±i:Zn$1-2MmiL l 
ICSntootWCt, L<liC u<0±lZN i #>o 

Tr(D5iJS*fb^(»±r 5 C ^ t pJtgTrfe^o Z<D\t/o1c 

ri\ftu»*tt ( *6»atR(ccu t - hS/>^tR*au 

<, 0. 1 -0. 2mm/f0l5®ToJSgT:^^o h 

[004 4] C«BBjt8^©BfflWD HIC±ELfeao 

SJq°q «: r U > h Sffi 13 N 2 U 7 □ - Tr SHE U fc \Z ? 

e#-;U©«ffSI*5 OMmffiia-e^So Cu^y Ktt 
/tvKi;0.2 8mmT, C u^JV *li 1 8 MmTrfc 
So ZnCiSHiiRftftK^rSfcto, ^-XS&ft 

s t $ t a a, e - *i> * mm \z *a iz * e> $ ux* ^ 

Iblfco Sot, BXaft1OOppmg£0)N2SH 
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l*&*l3C£tf#fr^fco tt*ltt^0ttfl!)Ml*Ctttj6*tt 
A.^ICliX(*&t\ 0 Lfrb, +#fctt*ift«S"r3l;:l* 

100 4 5] CBG A0iIHg^(Di§^J) 09f*S 
i **73**«»S1 0£&*&, Augl 1 T?9>f 
*#>KU MfrE-JUKI 2 LfcBG A (Ball Grid A 
rray)ytv<r-S/-(Z>««iri8fflLfc«ft^ro g0.7 5 
mmCBS n- 5 Zn-1 3 B i l*A,/£#-;U 1 3£ft 
0, fflUMKI 0OW±i:BWL, 
TrS^L*i5^X^+vStS 1 4«©*|-?±IZ#-JH 
3*«jatr*o iffi^t:»y^l*1 . 2 7mmTr, &fi;fy 
Kglt0.7 5mmT, /t^- v«TFgl*0 . 7 0 mm 
■C. ^ai^5 0 0h^>Tr^5o U 7 □-&©!**,£ 
^>7«afl*fi0.6mmrfe5o 5 0 0kf>©#-^ 
5tiffiCDC3£,{*§^:2 OMm^ofco #7*x#*$,B 
«1 4±IC7^v^X2 6*a*U. COBGA^M 
U 2 2O^T?N2U7n-T**:100%l;:iftl*»#S£ 
Q&tttfpTttfc&ft. 7^y^^<D;*>*l*BGAfcStE 

7Dt7tiI^§o JEICI*. *JU**S/^Sft»0 

SttpIffi-CftSo «J7D-Rl3B<b**l& 

l*Bftd*ll^< <tSfcttCu/t'V K1 5_bld N 
£Stt3A£mJ6L, MI3^0±|3 0 . 1 /xm(D A u #>o 

M>*#-JU0*HSfblC»L, itiftfC3i®£x 
*5>7 U J: 5 C tic <fc 

x*^TU-1flCj:**ffl«[i31J9i*(DRHI*^W-e** 

*><, *ic*no»b«*»«ir*«i*-cttft< l Kib^ 
*iic< <rsasM5fcf*>n-ci^ 0 fcfc, bga 
s^^iaf+^WBcawrftgsakLT, qfph 

RfcEltti;:, StECDC utUj K 1 5±{C*-X h 1 6* 
M^OTfc^, : eO)±(CBGA^f§|£UTU7D'-1-* 
*5tfcpJSrc** 0 h*a*LTU7D-r*« 
fcL<l*att<Z>/fy KfflJIC^attA^fcUTU^D 
-r*«£. H-IWlClBSr. 2 2 OT^OtoftttlC 
fi*iS'J>»©S n-B i Jh> Sn-Bi -AgflMftDf* 
AtCCftftL, BGAiOSn-5Zn-1 3BilU 
£#-^k©»«*««rffi^ft* 0 Sn-52n-13B 
i I* A/ e * - ^ *±J5E»T?» *3fcfr6*lllLrt Kt£ 
Trl*Sn-5Zn-13Bi lUetfc* OSto^ft 

[004 6] CftftTCftsffitna&ftjlt) S n - 5 Z n - 1 
5 B i HXfflcAg, Sb, Cu, In&a«58*DLfe 
€$©J»**«SfLfe 0 ftlc, Ag, Cul*Jg£lcttL 



TaSKft^ZnCDtW (J5£»-ef*ttZnl^JSl0fc 

©fbdtt&ttscfci^o, Zno>JBft*l»±-essc 

k*6, HBtttfciSirSSCt^ofeo Ago 

»ia*i*2%ttT"cak«-cgSo c ua>»2nsai . 5 

%ttTT?Z»-e£S 0 UfrL, Sb, IntiUttZn 

o&n\zimmizim9L'ci\tjii\z£Wftfrorzo i 
n ©asi)ai*tt*itt©a»i3»ii^ , s b i*m*ttas& 

[0047] m^ 0l*Sn-5Zn-1 3 B i l*A,££ 
IKS 3 OjLtmfcegiS U 1 3 0 Mm E »T 
IIEfcf a»«*3t«:5*L f S i ?v7(DA 1 SflLtlZil 
S9^ft^> KTa^D-feXfcSro (a)tt*tK7'J 
-1 7T#-^4BJ«UfcliA,£*Al»ft1 8±ICE 

£o (b)l*&*», i%Zt?>Zfl&t>titz£Z*>Z'5\ 
£*^oTI*A,£*Sff2 1 *»ricUfctt«-C&* 0 (c) 
I*** fcT^ U -5fe«IIC-*Jl*©l^«||l*iJS 0 ffi L£ 
tttiTr&So (d)l*?SttSHft«0<l*j|7cttSBft 
fc*Sl*T7-**U<l*U— If 1 9«T««ll*lB-rs 
*8©$feari*««©#--;u 2 
03^«J***l*o 01 1 I*^<y71 Jsaicrax/cfiB^ 
1 $:^L^5 1 •v^l*^/cM'>y(D^^cr)^^'J 

7D7^2 2^^l:I^, ^7^x^*S/«0)*«a 
«1 4 0)Cu-Ni - A u5S-? 2 3 III*A,fc"/{>3f 4(4 
M;*<&L, =Fatt»HftraiJftE»LT7yv^y^ 
f * <> *Q^S§ L & «B-C»BBI**^ * Tr 1*15 ft 

BBKS«Kfc*iTJBoTL*3 0 ttfflUfctHJIBI*, 
^$500-100 0kgf/mm2, 15x10" 
6/°C-35x 1 0~6/^fc*tttt4*T*fcan:&3o 

&±£itZfztb, *BB*ffiK»J*£ftfc»<bR4x** 
?U-mKftt8Ci:tt»*3li«ft8. J-*j?0)k 1 

fctaitSCtlC^O, 9-fV#>KUfcfca>47^y$ 
X*TOxy Mfy^rscfclC^O, «tt©l*A,/£/f 

ffiM^ofeto, fi«*tfiBi:0lc<i»ft»tf«So 1 
Id, tt3IS*C£iiTtttafi<&9, 

*ira«»^gis#ttrcfc^-csso 

[004 8] 

i Pb(0<fc-5ftffl«^»LT**ft7c** 
Tr^O, AO, t**©Sn-P b*fll*^gfcHS(D»J 

7D-sa*rse*^e>ttffld*irt\s«7Xx**va 
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ffilC, i**(D7 , o-t:^-e$)2)N2 , J7D-^Sri^C 
ttltTt*. *l^£li?£fi<><Sn-Pb£ilfl>2<§*i 
S(?l5Slig9~10kgf/nm2)i:^<, KSig&S, 6t* 'J 

- P bSSI*A,ettt'<|5ll?©iH!S*ttS:«r*t,<Dr 

[004 9] ttc. ZtiZT-mMT-tbifrii?**** 

(««) suits. 

[00 5 0] ntKlz % #5 *x#* 

imhmei;: p b 7 -©axjstji *» ufeinte 

[B1]fi»®Sn-Zn-Bi 37G*ttSEI(*ffl*8 

/nnfs^. ) 

-Zn-Bi 3 7C*tt!Bia 

[133] Sn-Zn-BiSKfclt^Zngfc, ftffitt 
[04] Sn-Zn-Bi#ICfcl*3Zn»fcftffittS 
[05] Sn-Zn-Bi*ICfcl*3Zn«fcttftH;tf 
[06] Sn-Zn-Bi*JCfcl*SZng^|§19$ii 
[07] Sn-Zn-B iRlzlSltSB i 



trX^To 

[09] BGA<7>K®0hg^a5Ot£^T:^^o 
[010] liA,eM>rff^7al:^a5«:^r»Tffi&^ 
To 

[011] l^e/t>7»Ao>Sltt»«iFl-KlIBDt9 
To 

[ft*0lIM] 

1 . S n-Z n 2 5tn^J> 

2.sn-zn-Bi 3 ^n^imthmm^i 

3.Sif>y7 1 5.Cu/t'V K 

4. -b7 5«y**ft»atR 1 

5. Cut-hS/>^« 1 7.**tT7'J 

6.Sn-5Zn-1 3Bi MXfi 1 8 . A 1 «<* 

7. N i #>o£ 1 9.7-*fcU 
<l*U-1f 

8. W-Ni-Au 1 2 0. 

;u 

9.Sn-5mass%Sbl*A,£ 2 1 .ttA,£iSff 

1 0.«ttffiS 2 2.i*tvffl 

II.AuS 2 3.Cu-Ni 
-AuSI* 

1 2.«Kt-;UK 2 4.*«»S 

1 3.l*A,£tf-;U 2 5. WIB 

1 4.*7^x#+yii 26.777^7 

2 7.fy7HiB 









[03] 






[04] 








(S3] 






CH4] 




46 


i 


i 1 J 






Sn-yZn-14BI 


« 
tt 

t 
* 


42 




< /SivyZft-16Bi 




220 




a 






>/ So-yZn-1 4BI 




200 




i: 
o 
S3 

IS 


38 






If 
{%) 


180 






34 




So-yZn-13BI " 












1 






160 





5 6 
Znfl(mass%) 



0 2 4 6 8 10 

Z nJ£(mas6%) 




2 4 6 8 10 
Z nfi(mass%) 
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[H9] 

(a) 



'u 0 O O €rif 

(b) 



(c) 



X 




[0 1 0] 
(21 0 



If, 




20 



(a) (b) (c) (d) 



[ill] 
01 1 



5= 



c 



_Jvj^ M V ^~^ 



(72)^B^% lU* «- 

*ST»/J»¥ifi±**«r£TI20* 1 



(72)^# RfiB 

#^JIISfilifti1ip^E^ffllBl292#lfettS 
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